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INTRODUCTION
Early thinnings in upland and bottomland hardwoods
provide the landowner with economic return that would
normally be lost to mortality (Gingrich 1971;  Kellison and
others 1988). These thinnings improve stand quality by
changing species composition, selecting quality stems,
improving tree spacing, and maintaining crown vigor of
desired stems (Carvell 1971).

The thinning of bottomlands favors valuable high quality
stems, such as cherry bark (Quercus pagoda) and
Shumard (Q. Shumardii) oaks (Kennedy and Johnson
1984). Some other desirable commercial species to favor
with thinnings are green ash, red maple, sweetgum,
sugarberry and sycamore. Consideration should be taken
to not favor a low quality stem of a high valued species over
a high quality stem of a low valued species (Kennedy and
Johnson 1984). A crop tree also should be selected based
on the vigor and quality of the surrounding stems
(Clatterback and others 1987). However, the removal of too
many cull trees can leave the stand understocked (Gingrich
1971).

Thinning as early as ages 20-25 years can increase the
growth potential and value of bottomland hardwoods on
good sites and the increased market for hardwood pulp-
wood allows productive bottomland sites to be commer-
cially thinned at such early ages (Kellison and others
1988). There is no standard method in thinning hardwoods
as it is frequently based on the best judgement of the
forester. However, such early thinnings can be marginally
commercial if they result in degrade to residual crop trees
or require too much time of a professional forester. In early
1993 local consulting foresters approached us concerning
the advisability of early thinning in sprout origin bottomland

hardwood stands (Personal communication. 1993. Angus
Lafaye, Forester, Milliken Forestry, Columbia, SC). The
objective of this study was to determine the most effective
“standard” commercial thinning method relative to effects of
thinning on the future value of residual crop trees in this
particular young stand.

METHODS

Study Site
The study site is located in a young bottomland hardwood
stand on the Congaree River (a red river) near Columbia,
SC. The soil type is a well-drained loamy Typic Udifluvent of
the Congaree series. The stand was a 23-year-old sprout
origin stand that was KG-blade sheared in 1971. Before
thinning the stand consisted of 260-325 trees per acre or
28-31 cords per acre, with 90-140 potential crop trees per
acre (30 to 40 percent commercial oaks) of different
bottomland species (oaks, sycamore, sweetgum, green
ash, red maple, and sugarberry). The criteria for crop trees
were that they be a commercial species, have a minimum
of one log, of good bole form, minimal epicormic sprouting
(less than 3 sprouts in the first log), and be a dominant or
co-dominant tree. The stand has a site index (base age 50
years) of 85-95 feet for cherrybark oak.

Experimental Design
The thinning methods were done in a randomized com-
plete block design with four 16-acre blocks containing 4-
acre treatments of unthinned control, trainer tree, leave tree,
and corridor thinning methods as described by Tinsley and
Nix (1998). Each 16  acre block has a main skid trail (20
feet wide) marked down the center with treatments on
either side. The control is an uncut area. Analysis of
variance for a randomized complete block design was
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performed to test the differences between treatment means
(SAS Institute l998). When the treatment means were
different Tukey’s test at the .05 level of significance was
used to test which means were different.

Measurements
A one-acre sampling area was marked in the center of
each of the four acre treatment plots, thus, the sample area
has a 104.3 feet treatment buffer on all sides. The sample
trees were marked before measurements were taken to
remove bias from the data. In the corridor treatment the
sample crop trees were chosen right up to the edge of  the
cut strip in order to include the influence of the adjacent
open area on future quality. For each crop tree the species,
diameter, number of logs, the number of epicormic sprouts
(first, second and third log), vine occurrence, vines present
in the crown, and logging damage were tallied.

Thinning Methods
All thinning methods were marked to be commercial, at
least 10 cords per acre were to be removed (about a 100
trees per acre averaging 8 inches diameter). The trainer
tree treatment was designed to leave at least one cull tree
near the crop tree to protect it from logging damage and
shade out epicormic sprouting on the lower bole. The crop
trees were located at 20 by 20 feet spacing (108 trees per
acre) in keeping with the 60 percent  residual stocking level
for upland hardwoods of Gingrich (1971) with about 25
percent more trees per acre added for the more productive
bottomland site.

The leave tree method removed all trees except for the crop
trees. The same 20 by 20 feet spacing was allowed, but all
trees other than crop trees were marked to be cut. If a crop
tree was not present at 20 feet, then a reasonable crop tree
within a 10 foot radius was left. This method left no protec-
tion for the crop trees from logging damage nor shade to
suppress epicormic sprouting along the lower bole.

The corridor treatment removed one-third of the volume
(about 100 trees per acre) in the cut strip. The forester
marked a 20 foot wide cut strip and left a 40 foot wide uncut
strip. The cut strips were marked in a 60-degree herring-
bone pattern to the main skid trail in an attempt to reduce
logging damage that results from turning loads. The
corridor treatment is an indiscriminate thinning method
where crop trees are removed as well as culls.

Vine Control
In most bottomland sites, especially very fertile sites, wild
grape vines (Vitus spp.) are a problem in the management
of high quality crop trees (Smith 1986). Vines can dominate
the crown of crop trees causing bad bole form and
epicormic sprouting, especially when the vines and crop
trees start off as sprouts together. Vines were very prevalent
on this site (60 percent of crop trees were infested).
Thinning can reduce the number of vines through severing
their stems during mechanical harvesting. This is benefi-
cial to the stand. The number and presence of vines in the
crowns of crop trees were measured in all treatments.
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Figure 1— Species prevalence among crop trees (number of
the 824 total sampled). Bars in graph from l-r match species list
from top to bottom

Figure 2— Number of vines on crop trees by thinning method.
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Logging Damage
Thinning operations can be detrimental to the stand
because of logging damage. Felling, backing, skidding,
and turning with large equipment damage crop trees. This
causes a decrease in the number, quality and value of crop
trees. Logging damage is reduced through good communi-
cation and a well designed harvest plan (Smith 1986). This
usually slows down production so an economic incentive
(reduction in stumpage value) often is added to reduce
careless errors. The objective of each thinning method was
explained to the logger and the stumpage value was
proportionally decreased to reduce the amount of logging
damage that might be caused by haste to make up lost
production. However, some logging damage is expected,
so each residual crop tree sampled was examined for
logging damage.

Epicormic Sprouts
Epicormic sprouts are a source of degrade in hardwood
logs. The value of hardwood trees is determined by the
grade. The log grade reflects the number and size of clear
lumber cuts which can be made from a specific log
(Kennedy and Johnson 1984). In opening the canopy the
thinning operation may cause epicormic sprouting which
will decrease the future financial return. Epicormic sprouts
were counted for the first, second and third log of every crop
tree sampled.

RESULTS

Residual Crop Trees
The residual stand has an average of 50-90 high quality
crop trees per acre depending on the thinning method. Five
years after thinning,  losses to logging damage and sprout
degrade resulted in reducing the leave tree plots to 51.5
crop trees per acre, the corridor method to 81.5, and the
trainer tree method to 90.4. This is a drastic reduction in the
number of crop trees than that projected before the thinning
(at least 100 per acre were to be left). These losses can be
partially explained by the premeasurement rejection of crop
trees having profuse epicormic sprouting (more than 6
sprouts in the butt log). The remaining crop trees have an
average diameter of 12.4 inches and an average height of
2.35 logs. A total of 824 crop trees were sampled and
consisted of 41 percent sweetgum, 24 percent cherrybark
oak, 8 percent Shumard oak, and 27 percent others (figure
1). An analysis was done to test interactions between
treatments and diameter and treatments and species.
These interactions were not significant at the 0.05 level.

Vine Occurrence
The number of vines per crop tree was reduced by the
thinning treatments. The control trees had nearly twice as
many vines as did those of the thinnings (figure 2). Vines
were in the crowns of unthinned crop trees nearly two times
more often than those thinned (60 versus 30 percent). The
control significantly differs from the thinnings  which do not
differ. The use of heavy machinery in thinnings  silvicultur-
ally enhanced the future quality of crop trees by reducing
the presence of live vines in the crowns.

Logging Damage
Logging damage was kept to a minimum by the following
factors: 1) good communications, 2) well-designed harvest
plan, and 3) reduced stumpage values charged the logger
for less productive methods (Tinsley and Nix 1998). The
leave tree thinning damaged  12 percent of the crop trees,
the other methods did half of that much damage (figure 3).
The leave tree and trainer tree methods differed because
the leave tree had no protection from machinery. The trainer
tree and corridor thinnings inherently reduce logging
damage to residual crop trees.

Epicormic Sprouting
The thinnings caused nearly 3 times more epicormic
sprouts on the first log than occurred in the control (figure
4). Similar results occurred on the second and third logs
where they existed. The control had significantly fewer
sprouts  than any of the thinnings. All of the thinnings
apparently increased the amount of sunlight in the stand
which stimulated epicormic sprouting (Brown and
Kormanik 1970). The effects of the thinnings on  sprout
numbers did not differ. Of the crop tree species Shumard
oak had nearly three times the number of sprouts as the
other species, a significant difference (figure 5).

Diameter Growth
The average diameter of crop trees in the leave tree
thinning was nearly 13 inches, but did not differ from the
control. A regression analysis was run to test the correlation
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199

between diameter and number of epicormic sprouts on the
first log. There was a significant negative correlation that
showed as the diameter increased the number of
epicormic sprouts on the first log decreased, further
indication of the negative effect of vigor on epicormic
sprouting (Brown and Kormanik 1970).

CONCLUSIONS
All thinning methods met the objective of being a commer-
cial harvest of 10 cords per acre or more and left 100 crop
trees per acre. Although the leave tree method was the
most productive harvest at 16 cords per acre, five years
after thinning it has the greatest reduction of crop trees
(over half) due to  logging damage and epicormic sprout-
ing. All thinning methods were detrimental to the future
stand, producing nearly three times as many epicormic
sprouts on the first log as occurred in the control. These
sprouts resulted in down grading the number of crop trees
left after thinning, reducing the leave tree thinning crop tree
numbers by as much as 30 percent.

The control of vines appeared equally as good with the
corridor method as the others and it was the most efficient
to conduct. However, the corridor method significantly
reduced the number of crop trees per acre since a third are
removed and another 6 percent were lost to epicormic
sprouting. There is no real explanation for the reduced
number of vines in the corridor method since machinery
activity was confined to the 20 foot wide cut strip. The least
amount of  logging damage occurred with the trainer tree
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method, but it was the hardest to mark and least productive
for the loggers. The corridor and trainer tree methods
proved to be the best thinning methods in this study, but the
decision to use either of these methods should be based
on careful consideration of the conditions of the existing
stand.

 If the stand has adequate desirable high quality stems
(140 or more per acre) then the corridor method can be
used if a target of at least 100 residual crop trees per acre
averaging 12 inches diameter is desired. If the existing
stand has at least 110 crop trees per acre, then the trainer
tree method can be used. Because of the 12 percent
logging damage to crop trees, and the 30 percent reduction
in crop trees for epicormic sprouting,  the leave tree
thinning method should not be used in stands such as in
this study unless at least 140 desirable crop trees can be
marked to be left per acre. The effects of thinning on crop
tree quality and growth in these study plots will be moni-
tored again in the future.
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